INTRODUCTION {#S0001}
============

Urothelium is a highly specialized structure, which primary function is to protect against penetration of toxic substances from the urine back into the body. It lines the renal pelvis, ureter, bladder and partially the urethra -- the structures that are in constant contact with urine. Urothelium is considered to be transitional epithelium, despite the fact that superficial layers of the epithelium are not connected with the basal membrane. This epithelium is unique in its properties (e.g., electrical resistance of 75000 Ω/cm^2^, which is higher than the epidermis, which separates the organism from the external environment), and that is mainly attributable to uroplakins \[[@CIT0001]\]. The aim of this article is to show possible clinical applications of uroplakins.

MATERIAL AND METHODS {#S0002}
====================

A PubMed search was performed using the keyword 'uroplakin'. The database of articles was closed on 01 Apr 2015. 443 records were retrieved and all publications were read and assessed for significance. References of selected articles were also analyzed for significance.

Structure and functions of uroplakins {#S20003}
-------------------------------------

Uroplakins are cell membrane proteins, which form urothelial plaques on the surface of each urothelial cell. Four types of uroplakins are known in humans -- UPIa, UPIb, UPII, UPIII. Uroplakins Ia, Ib and III are glycoproteins and their sugar residues are very important elements in the process of synthesis and are necessary for their proper function. Mature form of uroplakin II is deprived of a sugar residue. Uroplakins Ia (27kDa) and Ib (28kDa) are transmembrane proteins with four transmembrane chains coupled with two hydrophilic fragments on the inner side of the bladder and with one fragment localized in the cell plasma. Because of this structure, they are classified as tetraspanins; a superfamily of transmembrane scaffolding proteins responsible for cell adhesion, motility, activation and proliferation \[[@CIT0002]\]. Uroplakin II (15kDa) and UPIII have one transmembrane domain with the C-terminus in the cell plasma and the N-terminus in the intravesical space. There are several isoforms of UPIII. UPIIIa (47kDa) is a dominant form, the most common in humans and the most studied. There are also UPIIIb (35kDa) and the recently found UPIIIc \[[@CIT0003]\]. Synthesis of uroplakins is complex and partially takes place in the endoplasmatic reticulum (ER). In the ER, monomers of uroplakins form heterodimers -- UPIa with UPII and UPIb with UPIIIA. These pairs of uroplakins are than embedded into the lipid membrane and further heterotetramerization takes place in the follicles in the area of the Golgi apparatus. Uroplakins heterotetramers then undergo association into hexamers, which are the mature form of urothelial plaques and are about 16 nm in size \[[@CIT0001], [@CIT0004]\].

The main part of this complex is extracellular and is turned with its external part toward the urinary system. For this reason they are called asymmetric unit membrane (AUM -- [Figure 1](#F0001){ref-type="fig"}) \[[@CIT0004]\]. Similar AUMs are found in all mammals, despite some differences in the structure of the urothelium. As much as 90% of urothelium is covered with uroplakins. The remaining 10% of urothelium constitutes uncovered cellular membrane surface which form flexible regions. These regions together with the elements of the cytoskeleton take part in folding and the changing of the bladder capacity. After emptying the bladder the excess uroplakins are dragged into the cell, which causes reduction of uroplakin covered surface. Uroplakins come to the urothelial surface again in response to the rising volume of bladder -- filling the bladder with urine \[[@CIT0004], [@CIT0005]\].

![Schematic drawing of a uroplakin heterotetramer.](CEJU-69-00638-g001){#F0001}

Uroplakins are detectable in fetal life. Research on animals suggests that uroplakins are not only the final products of urothelial cells but they also play a role in organogenesis, particularly in nephrogenesis. The presence of UPII and UPIII has been confirmed in the renal pelvis and urogenital sinus already in the 7-week-old fetus \[[@CIT0006], [@CIT0007]\]. The role of UPKs is still a matter of intensive research but several facts have come into light. Deletion of the UPII gene leads to total absence of urothelial plaques. This causes penetration of water and substances dissolved in urine into deeper layers \[[@CIT0001], [@CIT0008]\]. The absence of UPII and UPIIIa results in the inappropriate development of superficial urothelial cells. Abnormal urothelium undergoes hypertrophy followed by urine outflow and vesicoureteral reflux (VUR) \[[@CIT0002], [@CIT0006], [@CIT0008], [@CIT0009], [@CIT0010]\]. Deletion of uroplakin genes or changes in reading frames, results in death within the first year of life or even in the prenatal period \[[@CIT0011]\].

Uroplakins in urinary tract infections {#S20004}
--------------------------------------

Infections of urinary tract (UTIs) are the second most common group of systemic infections -- after infections of respiratory tract -- which constitute a considerable problem for the health care system \[[@CIT0012], [@CIT0013]\]. Uropathogenic strains of *E. coli* (UPEC) are responsible for approximately 85% of these infections. They are able to colonize urinary tracts through the interaction between bacterial molecules like: type I-fimbrias, P-fimbrias, lectins, and urothelial glycoprotein fragments containing mannose \[[@CIT0014], [@CIT0015], [@CIT0016]\]. Expression of these mannose-rich fragments is a more important factor in infection occurrence than pathogenicity of *E. coli* strains itself \[[@CIT0017]\]. Bacterial adhesion to the urothelium is possible through the interaction between adhesion molecules of FimH and mannose fragments of subunit UPIa of urothelial plaques. UPII and UPIII do not participate in this reaction. This mechanism may be responsible for ascending infections as UPI is present in all urothelial plaques as well as in the ureter and renal pelvis \[[@CIT0001]\]. Similarly, in the upper urinary tract P-fimbria of *E. coli* participate in pathogenesis of pyelonephritis \[[@CIT0018]\]. Except for adhesion, connection of UPEC fimbriae with UPIa/Ib starts reactions which allow *E. coli* to invade and create an intercellular population of bacteria. This population is able to proliferate and to form intercellular bacterial communities (IBCs), which are probably responsible for recurrent urinary tract infections because of their antibiotic resistance \[[@CIT0019], [@CIT0020]\]. Moreover, the increased amount of mannose rich membrane glycoproteins in diabetes mellitus patients is significantly associated with greater sensitivity to *E. coli* infections due to the adherence of FimH to mannose \[[@CIT0021]\]. The recurrence rate of UTI in diabetic women is about 1.4 times higher than in groups of non-diabetic women \[[@CIT0022]\].

Those observations lead to the conclusion that uroplakins might be a potential target for urinary tract infection prevention and treatment. Firstly, by disrupting the interaction between *E. coli* and urothelium one might try to lower the chance of developing an infection especially in patients with elevated risk. Secondly, one might speculate that in patients with urinary tract infection, disruption of bacteria-urothelium interaction might lead to spontaneous healing and prevention of ascending infection. Thirdly, disruption of UPK-bacteria interaction could theoretically prevent the development of intracellular bacterial communities leading to decreasing the number of patients with recurrent UTIs.

Uroplakins in urothelial cancer diagnostics and treatment {#S20005}
---------------------------------------------------------

Urothelium lines the renal pelvis, ureter, bladder and partially the urethra. Functions of uroplakins in malignancies are not well understood. Research on UPII has shown that it is a histochemical marker of high specificity and moderate sensitivity in detection of primary and metastatic urothelial cancers \[[@CIT0023]\]. The presence of UPIII is confirmed in about 60--66% of primary cancers and in 53% of cases of metastatic disease. The amount of detectable uroplakin is not correlated with cancer stage \[[@CIT0024]\].

Due to specificity of uroplakins for urinary urothelium, detection of uroplakins in cancer tissue points with high probability to a urothelial origin of cancer. This characteristic is useful in distinguishing anaplastic malignancies, distinguishing metastases to urinary tract from primary urothelial malignancies or identifying urothelial cancer metastases to other organs.

Uroplakin III has also been found and is measurable in urine by enzyme-linked immunosorbent assay (ELISA). Lai et al. showed significantly higher concentration of UPIII in patients with bladder cancer than in those with benign diseases of urinary tract and healthy subjects \[[@CIT0025]\].

Uroplakins and their fragments were also detected in the blood of patients with urothelial cancer. Research on monoclonal antibodies (Ab) anti-uroplakin IIIa and anti-uroplakin II showed, that anti-UPII Ab react with both membranous and intercellular elements, whereas antibodies against UPIIIa react only with membranous elements. It seems possible to use uroplakins as markers of cancer cells, which could be determinants of process activity, treatment response and intangible clinical metastatic disease \[[@CIT0026], [@CIT0027]\].

Due to the fact that uroplakins are mainly markers of well-differenced urothelial cells, they could also be used as a target for treatment. Currently, new antibodies conjugated with chemotherapeutic agents or radiopharmaceuticals are being investigated. Their aim is selective delivery to cancer cell, omitting healthy cells. Advances in this field have been described by Wang, who has used UP II promoter conjugated with a reporter vector to create a bladder cancer specific vector \[[@CIT0028]\]. Therapy of metastatic urothelial cancer could be improved by to this highly selective therapy. Drug delivery to uroplakin containing tissue reactive with anti-UP antibody would result in therapy effectiveness improvement and reduction of therapy related toxicity.

Research on immunohistochemical markers used in diagnostics of primary and metastatic lung cancer has also shown usefulness of UPIII. Aaron et al. proved that the presence of UPIII, S100P and GATA-3 in lung cancer material was related to urothelial neoplasms. This trial involved 30 patients with pulmonary metastases of urothelial cancer. UPIII was detected in 71% of metastases and histopathological verification was performed \[[@CIT0029]\].

Isotope conjugated antibody could be used in high sensitive and specific medical imaging like positron emitting tomography (PET) and single-photon emission computed tomography (SPECT). The example of such use is girentuximab -- chimeric monoclonal antibody against carbonic anhydrase, which is conjugated with In-111 isotope and is used in diagnostics of primary and metastatic foci of renal cell carcinoma (RCC) \[[@CIT0030]\]. Such an approach is also possible when using UPKs as a target for both diagnostic purposes analogically to the mentioned example and for treatment. Antibody conjugated with high-energy emitter could theoretically selectively bind to UPK containing cells and deliver radiation selectively to metastatic foci.

Uroplakins in diagnosis of vesicoureteral reflux {#S20006}
------------------------------------------------

Vesicoureteral reflux (VUR) is a disease in which urine flows in a retrograde direction from the bladder into the ureters and renal pelvises. In normal condition urine flows in one direction -- downward from the kidneys. The ureterovesical junction plays a main role in physiological urine flow, as a one way valve. There are two types of VUR, depending on their onset: primary and secondary VUR.

The possibility of improvement of VUR diagnostics was proposed by Iwaki et al. who has detected an increased expression of uroplakin III mRNA, measured by quantitative methods in urine and bladder tissue of patients with VUR \[[@CIT0031]\]. Specificity and sensitivity of this method in detecting VUR reached 77.8%, and 76.3% respectively. These results, however, are strictly dependent on the patient's clinical status. In a group of patients without past infections of the urinary tract, specificity was 100%, but sensitivity only 50%. The authors of this work tried to explain higher expression of UP III mRNA, by the defect in product of this gene (UP III protein), which occurs in patients with VUR. It is clear that these results need to be confirmed in larger groups, but this correlation could be a basis for creation of a non-invasive diagnostic test.

There is a possibility of using a urine uroplakin test in combination with ultrasound in early childhood as a non-invasive screening method for VUR detection and possibly follow-up. This method would be less invasive than voiding cystourethrogram (VCUG) in children and better in follow-up.

Presently, only radiological examinations are able to detect congenital disorders of the urinary system during foetal life. Creation of diagnostic tests could improve prenatal diagnosis in these disorders, which occur in 3% of pregnancies (remembering about the significant numer of non-significant VURs). There is the possibility of testing uroplakin concentration in amniotic fluid due to the large amount of foetal urine in it. The research of Kong et al. showed the presence of UPII in stem cells of amniotic fluid \[[@CIT0008]\]. Additional research is needed to investigate whether amount changes of these and other uroplakin-containing cells are connected with congenital disorders of the urinary system.

Interstitial cystitis {#S20007}
---------------------

Interstitial cystitis/painful bladder syndrome (IC/PBS) is a disease of uncertain etiology which is represented by numerous unspecific symptoms. Frequent and painful urination are the most common representations and women constitute about 90% of patients \[[@CIT0032]\].

There are many theories of etiology and pathophysiology of this disease. Many of them tried to explain it by post infectious, neurogenic or autoimmunologic causes. Damage of the superficial glycosaminoglycan layer of urothelium is probably a consequence of the listed causes. This damage can increase permeability of the urothelium ('leaky urothelium'), which is suggested by Parsons \[[@CIT0033]\]. Irritating substances contained within urine permeate into deeper layers and affect bladder tissue and local nerves. In healthy persons the bladder protective and sealing function is mainly determined by the superficial layer of glycosaminoglycans where uroplakins are the central glycoproteins. Damage to this layer increases permeability of urothelium. The most damaging factors are: bacteria, foreign bodies, and chemicals. Decreased amount of glycosaminoglycans in the urine of patients with IC/PBS confirms this theory. Research on animal models has also confirmed it. For example, Altuntas et al. has shown that mice immunized to UPIII by intravesical infusion have demonstrated typical symptoms of interstitial cystitis (experimental autoimmune cystitis -- EAC) \[[@CIT0034]\]. Also, research by Keay et al. proved impaired repair and thinning of the glycosaminoglycan layer in mouse model with IC/PBS \[[@CIT0035]\].

Hauser et al. examined tissue from bladder biopsies of IC.PBS patients. The largest abnormalities were observed in the amount of keratin -- 18 (80%), keratin -- 20 (87.5%) and uroplakins (56%) \[[@CIT0036]\]. Likewise, other researchers have shown lower expression of urothelial surface proteins and their inappropriate arrangement in rodents with IC/PBS \[[@CIT0037]\] and damage of tight junctions seen in the electron microscope \[[@CIT0038]\]. Abnormalities in the amount and location of uroplakins have been also confirmed in 50% of cats with IC/PBS (FIC -- feline interstitial cystitis) \[[@CIT0039]\].

Lower amount of uroplakins detected in bladder tissue in patients with nonulcerative IC/PBS is connected with lower expression of mRNa of UPIa, UPIb and UPII with the exception of UPIII mRNA, especially UP III-delta4 \[[@CIT0040]\]. Due to this reason UP III-delta4 is a potential marker of IC/PBS.

Especially interesting for further research would be comparing the amount of urinary uroplakins between patients with IC, other pathologies of urinary tract and healthy persons. This research might shed some light into whether those glycoproteins play a role in this disease. Additionally, one might imagine rebuilding the layer of glycosaminoglycans by restoring normal uroplakin function.

CONCLUSIONS {#S0008}
===========

Urothelium is a highly specialized structure with special characteristic features. Uroplakins as end-product of urothelial cells have unique features and a complex structure. They are necessary for the urinary tract to function properly. Knowledge about them provides us with a new viewpoint for well known diseases. Uroplakins could become a clinically significant diagnostic or therapeutic aim of many urinary tract disorders. However, more studies are needed to gain better knowledge about uroplakins.
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